We herein present a broadly useful method for 9 the chemoselective modification of a wide range of 10
tryptophan-containing peptides. Exposing a tryptophan-11 containing peptide to 2,3-dichloro-5,6-dicyano-1,4-benzoqui-12 none (DDQ) resulted in a selective cyclodehydration between 13 the peptide backbone and the indole side chain of tryptophan 14 to form a fully conjugated indolyl-oxazole moiety. The modified peptides show a characteristic and significant emission maximum 15 at 425 nm, thus making the method a useful strategy for fluorescence labeling. 16 KEYWORDS: solid-phase peptide synthesis, fluorescent labeling, tryptophan, site-selective protein modification 17 ■ INTRODUCTION 18 Fluorescence labeling of proteins and peptides is fundamental 19 for the study of biological systems, as it can provide detailed 20 visualization of complex cellular processes. 1 The visualization of 21 biological processes has been crucial for our understanding of 22 molecular dynamics and the development of new potent drugs. 23 Nowadays, the most common approach to fluorescence 24 labeling of proteins comprises the introduction of fluorescent 25 small molecules to the nucleophilic side chain of lysine, serine, 26 threonine, or cysteine residues in a peptide or protein of 27 interest. 2 However, such strategies often suffer from poor site 28 selectivity, where multiple residues are modified. Though less 29 established, chemoselective functionalization of other residues, 30 such as methionine, 3 glutamine, 4 arginine, 5 N-terminal serine/ 31 threonine, 6 tyrosine, 7 and tryptophan, 8 has been described. 32 Among these residues, tryptophan is particularly interesting 33 because of its scarce abundance in proteins. With a natural 34 abundance of only 1.09%, 9 many proteins of interest will 35 contain only a single or few tryptophan residues accessible for 36 functionalization, thus enabling high control of the position for 37 modification. Furthermore, the relative large size of organic 38 dyes, including undesired physiochemical properties may give 39 rise to several challenges, that compromise the biologically 40 activity of the labeled target. Therefore, labeling strategies that 41 introduce minimal structural perturbation to the peptide of 42 interest is of high importance. 43 Herein, we describe our efforts toward the oxidative 44 modification of small peptides containing tryptophan. The 45 conjugated nature of the generated indolyl-oxazole moiety 46 emits blue-fluorescence, 10 which may advantageously be 47 utilized for spectroscopic studies of biological systems. For 48 instance, the indolyl-oxazole moiety of diazonamide A 49 derivatives has been utilized as intrinsic fluorophores for in 50 vitro cellular uptake studies. 11 In addition, the indolyl-oxazole 51 scaffold is present in a variety of naturally occurring biologically (Table 1) a Crude purities. b All compounds were purified by prepHPLC before yield determination and NMR analysis. 83 protocol showed compatibility with a wide range of peptides 84 and generally only the desired product was observed by UP-85 LCMS (see Supporting Information). Unfortunately, non-86 protected lysine residues were not tolerated (entry AG). Here a 87 range of byproducts was observed by UPLC, including a 88 nucleophilic addition of the lysine side-chain amino group to 89 the conjugated imine (7) as well as a Michael reaction between 90 the amino group and DDQ. 91 The isolated yields of indolyl oxazole peptides are in the 92 range typically observed for solid-phase synthesis followed by 93 preparative HPLC purification. From our results, we cannot 94 identify a correlation between purity and isolated yields neither 95 is there apparent structure-yield correlation. 96 Furthermore, the methodology was investigated for peptides 97 containing more than one tryptophan residue (entry AP−AQ). 98 Using two and three equivalents of DDQ, respectively, peptides 99 containing two or three indolyl-oxazole moieties were obtained 100 (see Supporting Information). 101 In order to investigate the potential of the technique for 102 fluorescent labeling, the fluorescence properties of the indolyl-103 oxazole containing peptide 10(J,L-AO) was measured and 104 compared to the emission spectrum of the corresponding s2 105 nonoxidized peptides 11(J,L-AO), Scheme 2. As shown in Figure 2 , the indolyl-oxazole containing peptides 107 show a remarkably change in fluorescence with a distinct band 108 now appearing at 425 nm. Importantly, this absorption is not 109 affected by the presence of aromatic side chain functionalities in 110 naturally occurring amino acids. 111 Having identified conditions allowing for oxidative cyclo-112 dehydration of tryptophan in various peptides, we sought to 113 demonstrate the use of this methodology in the labeling of 114 biological relevant peptides. GLP-1 is a 30 amino acid- General Methods. All reagents and materials used were 139 purchased from ordinary chemical suppliers and were used 140 without purification. The solvents used were of standard HPLC 141 grade. Solid-phase synthesis was carried out using plastic-142 syringe techniques. Flat-bottomed PE-syringes were fitted with 143 PP-filters and situated in Teflon valves equipped with Teflon 144 tubing allowing for a moderate vacuum to be applied to the 145 syringes. 146 Yields of solid-phase synthesis protocols are corrected for salt 147 contents and given as percentage of product mass recovery to 148 the theoretical product loading mass, calculated from the resin 149 loading (4 mmol/g) as specified by the supplier. 150 Products were analyzed on a Waters Alliance reverse-phase 151 HPLC system consisting of a Waters 2695 Separations Module 152 equipped with a Symmetry C18 column (3.5 μm, 4.6 × 75 mm, 153 column temp 25°C, flow rate 1 mL/min) and a Waters 154 Photodiode Array Detector (detecting at 215 nm). Elution was 155 carried out in a linear reversed phase gradient fashion (gradient 156 A: 0% organic for 0.2 min, 0% organic to 100% organic in 10 157 min, hold for 1 min, 100% organic to 0% organic in 0.3 min, 158 hold for 1.5 min, gradient B: 0% organic for 0.2 min, 0% 159 organic to 40% organic in 10 min, 40% organic to 100% organic 160 in 0.8 min, hold for 1 min, 100% organic to 0% organic in 0. 
